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I. INTRODUCTION
Collective Thomson Scattering (CTS) has been used for a few years to investigate peculiar experimental conditions of tokamak plasmas 1 where the power threshold for back-scattering Parametric Decay Instabilities (PDI) of Electron Cyclotron (EC) waves appears significantly reduced 2 with respect to previous theoretical calculations. 3 The interest in studying these scenarios in the Frascati Tokamak Upgrade (FTU) device led to a substantial renewal 4, 5 of the CTS diagnostic, already exploited in the past experimental campaigns for CTS measurements of thermal ion temperature. 6 The first operations of the new CTS system have been performed 7, 8 in 2014 and 2015. The two main goals of ongoing experiments, carried out in the framework of the EUROfusion Enabling Research project AWP15-ENR-01/ENEA-06, are the detection of low power PDI excited by EC pumping wave in presence of tearing mode islands and the investigation of their possible effects on ECRH absorption. The studies are carried out exploiting the high time and frequency resolution now reachable with a recently installed digital acquisition system and the wide range of magnetic fields and plasma parameters allowed in FTU. Experiments were performed so far injecting a 140 GHz/400 kW probe beam intersecting the CTS line of sight on or out of the equatorial plane of the torus. Plasma scenarios with different electron densities have been explored and three different toroidal magnetic fields have been applied in order to operate either with or without the 1 st harmonic resonance layer in the plasma. In most cases, Neon was injected during the plasma flat-top to induce MHD activity, while the scattering volume was located at the plasma flux surface where the m:n=2:1 island is expected to form. This configuration is suitable for detection of any signal modulated in amplitude at the magnetic island frequency and originating from back-scattering PDIs.
II. RECEIVER UPGRADE

A. Dual radiometric system
In addition to the refurbishments described in Ref. 4 and 7, consisting of the addition of a new NI PXIe-5186 express digitizer (8 bit, 5 GHz analog bandwidth, sampling rate of 12.5 GS/s on two channels, 6.25 GS/s each), further upgrades have been introduced on the receiving system in 2016. A second radiometer, used in the past in the W7-AS stellarator, was reassembled, refurbished and installed for operation in FTU. The system has been integrated in the CTS diagnostic and tested offline. This second radiometer is composed by a front-end and a back-end very similar to the first ones. The front-end is based on a quasi-homodyne down-conversion stage, with a backward wave oscillator stabilized by a phase-lock loop driven by a synthesizer. The local oscillator frequency is tunable in a range whose width is ~2 GHz around the probe beam frequency (140 GHz) and stray radiation reaching the front-end input is filtered for mixer protection. The back-end consists of 32-channels with multiplexers and band-pass filters providing 0-10 V analog outputs. Both radiometers are now installed on FTU and they are coupled to the same transmission line through a polarizing grid beam-splitter. connected in parallel either to the two channels of the fast digitizer, for Fourier transforming at high time and frequency resolution, or to a pair of acquisition modules for 2 kHz digitization of the 32 + 32 outputs of the two main analog filter banks. Both radiometers are also provided with secondary "zoom" spectrum analyzers, with a zooming capability of 100 MHz, but no use is foreseen for them at present. In addition to the optical matching of the two systems, both local oscillators can be phase-locked to the same frequency, controlled by a single remotely controlled synthesizer, in order to ensure full consistency of the spectra frequency reference.
B. Upgrade of front-end layout
The purpose of installing two synchronized radiometers is twofold: adding a second receiving line (which will be described in the next section) and detecting two linearly cross-polarized signals at the same time. The dual-polarization capability will allow measuring CTS radiation in both O-and X-modes, for the first time simultaneously during the same plasma discharge, to help distinguishing real scattering signals from other phenomena, such as back-reflections in the transmission line or detection of stray radiation, either from the vessel or from the torus hall, where the beam propagation is partially quasi-optical. A new notch filter tuned at the gyrotron frequency has been integrated in the front-end of the second radiometer to protect the mixer from stray radiation. Also the layout of the first front-end has been upgraded, inserting two notch filters, to allow collecting radiation through four different lines, selectable shot by shot. The first line connects directly the horn to the down conversion system, without filtering radiation. The second and third lines are provided with two different notch filters, tuned at the gyrotron frequency and ~25 MHz over it. The latter tuning is suitable when the protection from stray radiation is enhanced with external attenuators. In the fourth line the two notch filters are mounted in series, thus obtaining a wider stop band. In Fig. 1 right the stop bands of the two notch filters are indicated with the dashed lines while the continuous red line shows the filtering capability of the fourth line, where the filters are in series. Both front-ends have been revamped to enlarge the measurement bandwidth, so far limited to ~1.2 GHz by the Intermediate Frequency (IF) amplifiers. Since the two mixers are Schottky barrier type diodes, capable in principle to operate over a large frequency band, the IF amplifiers were replaced with new ones now providing a bandwidth of ~4.2 GHz with both the two spectrum analyzers and with the fast digitizer.
IV. THE NEW REFERENCE RECEIVING LINE
The second goal for installing two radiometers is detecting radiation simultaneously from two different lines of sight in the plasma, similarly to what is implemented in the CTS system of ASDEX upgrade. 9 In particular, the goal is simultaneous detection of signals from a line of sight (see Fig. 2 , top blue beam) intersecting a scattering volume with the probe beam (Fig.  2, bottom red beam) , and from a reference line of sight (Fig. 2 , middle grey beam) not crossing the probe beam. Such a secondary signal is suitable for cross-calibration and for reference of background radiation (i.e. not coming from the scattering volume). In order to introduce a new line in the narrow CTS front-steering launcher [10] [11] [12] which, in the proximity of the FTU vessel, is already occupied by the launching and receiving lines, a remote steering antenna (Fig. 2, box b) has been installed between the two lines, exploiting an equatorial access (with a section of 50 mm x 40 mm) which was already integrated in the original design of the launcher. 13 The antenna is an aluminum square corrugated waveguide, 1245 mm long in two pieces, with external and internal cross-sections respectively of 44 mm x 38 mm and 26 mm x 26 mm. The corrugations (depth 0.5 mm, width 0.45 mm, pitch 0.78 mm) were measured before installation in FTU. The antenna is attached to the vacuum flange holding a DN40-CF fused silica window of selected thickness for microwave transmission at 140 GHz. A transmission line with off-vessel matching optics will be installed in the torus hall to connect the second passive line to the CTS receivers, located outside the torus hall. A software was developed to show all CTS-relevant data (including output from the fast digitizer, the multi-channel spectrum analyzers and the optical fiber in the launcher) at the same time (with reference to the FTU shot start). An example of the output of this software is shown in Fig. 3 , where correspondence of various signals provide the evidence of correlation between them. Also a new sniffer probe was installed in 2015 on a window located on the backside of the vacuum flange, as described in Ref. 7 , in order to monitor the stray radiation level inside the launcher. Signal conditioning for this sensor have now been set properly and the first measurements of stray power in the CTS port have been taken. Also this signal can now be visualized (see Fig. 3, 5 th line), together with all the others using the new software.
V. CONCLUSIONS
Recent upgrades were introduced in the CTS diagnostic of FTU in 2016. A second radiometric system and multi-channel spectrum analyzer have been installed in parallel to the existing ones. The two synchronized systems will allow simultaneous measurements of cross-polarized radiation (sharing the same transmission line) or additional detection of a second (reference) signal which will be acquired from a line of sight not intersecting the scattering volume, using a second transmission line to deliver the signal from the tokamak hall to the experimental room. A remote-steering antenna has been installed between the two existing CTS lines, allowing insertion of the second line of sight in the narrow launcher port. The signal of each radiometer can be acquired, at the same time, either on a pair of 32-channel filter bank spectrum analyzers (@2 kHz) and on two separate channels of the fast digitizer, at a maximum (combined) acquisition rate of 12.5 GS/s. The possibility to change the tuning frequency of both radiometers by acting on a single remotely controlled synthesizer has been implemented and the detection bandwidth has been enlarged up to ~4.2 GHz. Four microwave circuits provided with two notch filters (used either individually or in series) have been integrated on one of the two front-ends in order to take advantage of different filtering capabilities. A software has been developed to allow visualization of both FTU and CTS data on the same reference time, including those of a new sniffer probe, which has been installed on the launcher to monitor the stray radiation level in the probe line. 
